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摘  要 
I 
摘  要 
涡流线圈作为电磁换能器的重要组成，在各类电磁无损检测中均有广泛应用。
涡流线圈的阻抗解析建模，可以为换能器的设计、及涡流检测的正、逆问题求解
提供理论指导与参考。 
国内外学者针对该问题的研究主要集中在解析模型的改进与创新、缺陷的反
演以及解析模型适用性的扩展，包括被测导电体的特性、涡流线圈与被测导电体
的相对位置关系及涡流线圈的类型、参数等。 
目前，对任意形状涡流线圈的解析建模工作，主要通过忽略线宽降低求解问
题的维度，或对具有一定截面的简单线圈进行叠加，并忽略线圈相互叠加时的细
节问题，尚无针对任意形状截面的任意形状涡流线圈的阻抗解析模型。 
本文提出了一种截面及形状任意的平面涡流线圈阻抗解析模型。首先将涡流
线圈位于导体上方的问题转为对入射场与散射场的分别讨论，并建立了涡流线圈
截面与电流管之间的关系。接着给出了二阶矢量位的推导过程，使用入射场标势
及散射场标势对涡流线圈平行置于无限大导体平面上的电磁场模型进行表述。结
合矩形截面的正交折线线圈，提出了外形位置因子的概念，将涡流线圈的几何特
征拆解后根据对涡流线圈阻抗的贡献形式重新组合。在极坐标系中，推导出了基
于折角外形因子的折线线圈外形位置因子，通过折线段的细分实现对曲线线圈的
等效，其中折角外形因子为折线线圈各折角大小及方向的相关项。然后在此基础
上，完成了模型对截面形状及涡流线圈匝数的扩展，并对阻抗解析模型进行了验
证，包括正多边形折线线圈与现有圆形线圈等效计算、电磁超声换能器线圈的散
射场阻抗物理实验及多匝密绕漆包线绕制线圈的比较。最后针对利用折角模型时
常用的简化计算进行误差分析，为简化计算提供理论指导。 
 
关键词：涡流解析建模；任意折线线圈；二阶矢量位；折角外形因子 
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Abstract 
As an important component of electromagnetic transducer, eddy-current coil is 
widely used in all kinds of electromagnetic nondestructive testing. The analytical 
expressions for the impedance of eddy-current coil can provide theoretical guidance 
and reference for the design of transducers and both forward and inverse problems of 
eddy current testing. 
The domestic and foreign scholars mainly concentrated in the aspect such as 
improvements and innovations of the analytical model of expansion, inversion of flaw, 
applicability of the analytical model including the characteristics of conductive 
structure detected, the relative positions of eddy-current coil and conductive 
structure,and parameters of eddy-current coil. 
At present, for the analytical modeling work of eddy-current coil of any shape, 
existing researches mainly focus on thin-walled air coils of general shape or 
transformed into the superposition of signle rectangular coils, there is no analytical 
model for the impedance of eddy-current coil with arbitrary shape and cross-section. 
This paper presents an impedance analytical model of planar eddy-current coil 
with arbitrary shape and cross-section. The eddy-current coil is located above the 
conductor to discuss the incident field and the scattered field, and then found the 
relationship between the cross-section and the eddy current coil tube. Thereafter the 
second order vector potential was derived, and the scalar potential of incident field 
and scattered field was introduced, so the orthogonal polyline-coil with rectangular 
cross-section was used to proposed the shape-position factor. After the geometric 
characteristics of the eddy-current coil are disassembled, the contribution of the 
impedance of eddy-current coil is reassembled .Then the corner-shape factor is 
derived in polar coordinate system which related to both the angle and direction of 
each corner in polyline-coil, and the curve coil could be realized by the subdivision of 
fold- line segment. On this basis completed the analytical model of the arbitray 
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IV 
cross-section and turns. Then the analytical model is used for the calculation of 
circular coil, rectangular meander coil and precision-wound air-core coil, and 
compared with the experimental results.Finally error analysis was carried out when 
some simplification was made to the analytical mode. 
 
Keywords: Eddy-current analytical modeling; Arbitray fold-line coil; Second Order 
Vector Potential; Corner-shape factor 
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